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It  is  very  generally  recognized  that  different  soils  vary  widely  as 
regards  their  physical,  chemical,  and  biological  nature.  It  has  also 
been  recognized  among  soil  investigators,  at  least,  that  different  samples 
of  the  same  soil  type  taken  from  a  comparatively  limited  area  may 
show  considerable  variation  among  themselves  if  we  apply  quantitative 
measurements  to  the  various  constituents  of  the  soil  mass.  In  any  small 
area  of  the  size  usually  employed  in  field  experiments,  these  variations 
seem  to  have  been  regarded  as  of  such  limited  magnitude  as  to  be 
worthy  of  but  secondary  consideration.  In  many  instances,  a  single 
sample  from  such  an  area  has  been  taken  and  the  assumption  made 
that  it  represented  the  entire  soil  mass  of  the  depth  to  which  it  was 
taken.  In  other  words,  the  soil  has  been  considered  as  a  constant  to 
which  no  corrections  need  be  applied.  Most  workers  in  the  field  of 
soils  have  been  content  with  taking  relatively  few  samples  and  regard- 
ing determinations  made  upon  the  composite  of  these  samples  as  accur- 
ate within  the  limits  of  error  of  the  experiment.  That  the  variations 
between  different  samples  taken  from  a  small  area  may  be  of  such 
magnitudes  as  to  bring  experimental  data  obtained  with  one  or  a 
limited  number  of  samples  into  very  serious  question,  or  even  to 
invalidate  such  data  entirely,  seems  not  to  have  been  considered.  It 
is  the  purpose  of  this  paper  to  emphasize  the  importance  of  this  phase 
of  soil  investigation  as  regards  both  past  and  future  endeavors. 

It  is  obviously  impossible,  within  the  limits  of  a  single  paper,  to 
consider  the  variations  which  characterize  all  the  constituents  of  any 
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given  soil,  so  that  the  results  reported  at  the  present  time  relate  only 
to  one  phase  of  the  biochemistry  of  soils.  But  few  attempts  have  been 
made  by  investigators  to  determine  actually  the  magnitude  of  varia- 
bility in  those  products  of  microorganic  activity  which  are  capable  of 
quantitative  measurement  and  in  no  instance  has  a  mathematical  inter- 
pretation been  attempted  with  such  measurements.  There  are  but 
three  references  *» 2' 3  in  the  literature,  as  far  as  the  writer  is  aware, 
dealing  with  this  phase  of  the  biochemistry  of  soils,  and  none  of  them 
is  extensive  enough  to  be  of  any  value  as  statistical ,  studies  of  varia- 
bility. A  number  of  papers4  have  appeared  dealing  with  the  variation 
in  the  weight  of  the  crop  produced  over  different  parts  of  an  appar- 
ently uniform  field.  Such  variations  reflect  the  variability  of  the  soil, 
serving  simply  as  a  substratum  for  the  growth  of  plants,  but  it  is 
evident  that  the  variations  between  such  measurements  as  those  given 
do  not  depend  upon  the  soil  as  the  only  variable  factor.  Any  attempt 
to  correlate  the  crop  produced  on  any  given  soil  with  the  chemical 
composition  of  that  soil,  for  instance,  must  necessarily  take  into  account 
variations  in  both  crop  and  soil.  In  fact,  it  appears  to  the  writer  that 
any  correlation  which  may  exist  between  the  properties  of  any  given 
soil  and  its  crop-producing  power  can  only  be  worked  out  by  the 
statistical  interpretation  of  data  obtained  as  recorded  below,  together 
with  the  data  secured  in  a  similar  manner  for  the  crops  produced  on 
that  soil.  The  problem  of  variability  in  the  soil  itself  is  worthy  of 
careful  experimental  study,  both  from  the  standpoint  of  soil  investiga- 
tions in  themselves  and  from  that  of  their  possible  bearing  upon  the 
problems  of  variability  in  field  experiments  with  crops.  The  results 
of  such  a  study,  as  regards  nitrate  production,  are  presented  below. 

Methods 

The  field  selected  was  one  on  the  University  Farm  at  Davis.  For 
the  three  years  preceding  1917,  corn,  Sudan  grass,  and  grain  sorghum 
had  been  grown  in  the  order  named.  In  1917,  the  field  was  allowed 
to  lie  fallow  and  at  the  time  the  samples  were  taken  (Oct.  20),  was 
free  of  vegetation  of  any  kind.  No  rain  had  fallen  since  April  so  that 
the  surface  soil  was  practically  air-dry,  the  subsoil,  however,  being  quite 
moist.  The  soil  is  classified  as  a  silty  clay  loam.  The  particular  area 
chosen  was  apparently  as  uniform  as  one  could  well  find,  being  level, 
of  uniform  texture  and  color,  and  free  from  small  local  depressions 
of  any  kind. 
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The  samples  were  taken  at  the  locations  as  shown  in  figure  1,  the 
diameter  of  the  plot  being  one  hundred  feet.  Each  number  in  the 
following  table  represents  two  samples,  soil  and  subsoil,  the  latter  term 
being  used  for  convenience  in  expression  rather  than  to  represent  any 
sharp  line  of  demarcation  between  the  two  samples  taken  at  any  given 


Fig.  1 

place.  All  the  surface  samples  were  taken  with  a  trowel  to  a  depth  of 
six  inches,  an  area  having  a  diameter  of  approximately  six  inches  being 
included  in  each  sample.  The  subsoil  samples  were  taken  with  a  three- 
inch  auger  to  a  depth  of  twenty-four  inches  and,  therefore,  represent 
the  section  from  six  to  twenty-four  inches  in  depth.  All  the  samples 
were  placed  in  sterile  soil  bags  as  soon  as  taken,  the  total  amount  of 
soil  in  each  sample  being  about  twice  that  necessary  for  the  laboratory 
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determinations.  Not  more  than  twenty-four  hours  elapsed  between  the 
time  the  first  sample  was  taken  and  the  time  all  the  samples  were  at 
the  express  office  ready  for  shipment  to  Berkeley,  where  they  arrived 
forty-eight  hours  later. 

At  the  laboratory,  the  samples  were  allowed  to  air-dry  for  six  days 
in  the  original  canvas  bags,  this  time  for  drying  being  necessary  because 
of  the  moisture  present  in  the  subsoil  samples.  At  the  expiration  of 
the  six-day  period  all  of  the  samples  were  sieved  through  a  two-milli- 
meter sieve  and  four  one  hundred  gram  portions  of  each  sample 
weighed  into  tumblers.  One  tumbler  from  each  sample  was  reserved 
for  the  determination  of  residual  nitrate ;  to  a  second  no  nitrogen  com- 
pounds were  added,  and  to  the  others  two-tenths  of  a  gram  of  am- 
monium sulfate  and  one  gram  of  dried  blood,  respectively,  these 
amounts  having  been  most  frequently  used  in  nitrification  experiments 
in  this  laboratory.  All  the  tumblers  were  brought  to  an  optimum 
moisture  content  by  the  addition  of  twenty  cubic  centimeters  of  sterile 
distilled  water  and  placed  in  the  incubator  at  28°  C  for  twenty-eight 
days.  During  the  incubation  period,  the  water  lost  was  replaced  at 
weekly  intervals.  At  the  expiration  of  that  period,  the  soil  was  dried 
at  a  temperature  of  100°  C  and  the  nitrates  determined  colorimetri- 
cally  by  the  phenoldisulfonic  acid  method  as  modified  by  Lipman  and 
Sharp.5  All  results  are  reported  as  milligrams  of  nitrate  nitrogen  in 
one  hundred  grams  of  soil. 

It  was  not  deemed  necessary  to  make  duplicate  determinations  on 
all  the  samples,  since  from  previous  results  secured  in  this  laboratory, 
the  variation  between  duplicates,  as  regards  nitrification  studies,  is 
small  and  well  within  the  limits  of  the  error  made  in  the  readings, 
which  were  never  recorded  in  this  study  further  than  to  one-tenth  of 
a  milligram  of  nitrate  nitrogen.  Aside  from  this  fact,  it  is  doubtful 
if  duplicate  determinations  are  of  value  in  experiments  of  this  kind  in 
which  the  variation  between  the  samples  was  found  to  be  so  large. 

The  amount  of  nitrate  nitrogen  produced  was  chosen  as  the  criterion 
of  variability  because  of  the  generally  accepted  idea  that  nitrate 
nitrogen  is  more  directly  available  to  plants  than  other  nitrogen  com- 
binations and  for  that  reason  more  significance  may  rightly  be  attached 
to  the  amount  of  nitrate  nitrogen  found  or  produced  in  any  given  soil. 
Then,  too,  small  amounts  of  nitrate  may  be  determined  rapidly,  with 
a  very  fair  degree  of  accuracy,  and  moreover,  are  less  subject  to 
fluctuations  in  the  duplicate  determination  as  discussed  above.  The 
absolute  accuracy  of  the  nitrate  determination  by  the  phenoldisulfonic 
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acid  method  is  not  of  moment  in  this  connection,  because  neither  very 
low  nor  very  high  amounts  of  nitrate  were  ever  determined  and  all 
of  the  determinations  are  directly  comparable  one  with  the  other,  since 
exactly  the  same  procedure  was  followed  in  every  case. 

It  must  be  emphasized  that  no  attempt  has  been  made  to  segregate 
the  causes  of  variation  and  the  results  as  given  are  the  summation  of 
all  the  factors  which  are  of  importance  in  causing  differences  between 
samples.  All  the  work  was  done  in  a  careful  manner  with  due  atten- 
tion to  detail,  no  new  or  modified  procedure  being  attempted.  The 
results  of  this  study,  therefore,  are  intended  to  serve  as  a  basis  for 
interpreting  the  mass  of  data  which  has  already  been  obtained  by  soil 
biologists  and  to  emphasize  the  extreme  importance  of  applying  statis- 
tical methods  to  results  secured  in  the  future  before  their  value  as 
contributions  to  science  or  practice  can  be  recognized. 

Calculations6 

The  amounts  of  nitrate  found  are  reported  in  tables  1  to  4,  follow- 
ing, the  individual  determinations  always  being  given.  The  mathe- 
matical treatment  will  be  discussed  briefly  from  the  data  given  in 
table  1,  the  discussion  being  applicable  to  all  the  tables  as  well. 

The  mean  as  given  is  obtained  by  dividing  the  sum  of  all  the 
determinations  by  the  number  of  determinations.  This  figure  repre- 
sents, therefore,  a  hypothetical  composite  sample  of  all  the  samples 
taken.  The  deviation  from  the  mean  of  any  determination  is  found 
by  taking  the  difference  between  the  mean  and  the  individual  result. 
The  mean  deviation  of  a  series  of  determinations  is  an  expression  of 
the  average  amount  any  single  observation  taken  at  random  is  likely 
to  differ  from  the  mean  of  the  series.  This  figure  may  be  either  plus 
or  minus,  but  as  the  sign  is  of  no  importance  as  regards  subsequent 
calculations,  it  is  not  recorded  but  may  easily  be  found  by  inspection. 
The  standard  deviation  (o-)  is  found,  after  the  manner  usual  in  statis- 
tical investigations,  by  squaring  the  deviation  of  each  determination 
from  the  mean,  taking  the  sum  of  the  squares  thus  found,  dividing  this 
figure  by  the  total  number  of  determinations  made  and  taking  the 
square  root  of  the  quotient.  The  percentage  ratio  of  the  standard 
deviation  to  the  mean  expresses  the  coefficient  of  variability  (C.V.) 
for  a  given  series  of  determinations.  It  is  an  expression  of  the  per- 
centage deviation  on  either  side  of  the  mean,  within  which  approxi- 
mately two-thirds  of  the  determinations  may  be  expected  to  lie.     The 
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coefficient  of  variability  of  the  amount  of  nitrate  as  found  in  the  field 
soil  is  high,  no  less  than  25.9  ±  2.1  per  cent  in  the  surface  six  inches 
and  51.4  ±  3.3  per  cent  in  the  vertical  section  from  six  to  twenty-four 
inches.  The  range,  therefore,  within  which  two-thirds  of  the  deter- 
minations may  be  expected  to  fall  is  from  2.0  to  3.4  milligrams  in  the 
surface  soil  and  from  0.3  to  1.1  milligram  in  the  subsoil.  The  extreme 
range  is,  of  course,  much  greater  than  this,  but  the  bulk  of  the  deter- 
minations fall  within  the  limits  given. 

A  single  determination,  or  the  mean  of  a  series  of  determinations 
can  never  be  an  absolute  value  and  hence  before,  any  large  degree  of 
confidence  can  be  placed  in  any  experimental  result,  its  degree  of 
reliability  must  be  known.  The  reliability  of  any  determination  is 
expressed  by  the  probable  error  (E)  of  the  determination.  This 
figure  is  of  such  a  magnitude  that  the  probability  of  making  an  error 
greater  than  it  is  equal  to  the  probability  of  making  an  error  less  than 
it,  both  probabilities  being  one-half. 

The  probable  error  (Es)  of  a  single  determination  is  calculated 
by  the  formula 

ES=±.67±5X  ~^= 

where  o-  is  the  standard  deviation,  as  given  above,  and  n  the  number  of 
determinations.    Since  with  a  single  determination  the  yjn  is  equal  to  1 

#,  =  ±.6745  Xo-. 
or  in  other  words,  the  probable  error  of  a  single  variant  is  equal  to 
approximately  two-thirds  of  the  standard  deviation  of  the  series  in 
which  it  lies.     The  probable  error  of  the  mean  (EM),  is  given  by  the 
formula 

Es        .6745  X  o- 

—  y/n  y/n 

EM  will  vary  as  the  square  root  of  the  number  of  determinations  and 
thus  decreases  but  slowly  as  we  increase  the  number  of  determinations. 
The  probable  error  (Ea)  of  the  standard  deviation  is  calculated  from 
the  formula 

^=±.6745—^- 

y/2n 

and   for  the  coefficient  of  variability: 


— —Set +»<*>■]  * 


when  C.V.  is  greater  than  ten  per  cent  as  is  the  case  with  the  results 
recorded  below. 
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TABLE  1 
Eesidual  Nitrate  in  Soil  as  Sampled 

l"-6"  6"-24"  l"-6"  6"-24' 


No. 
1 

Nitrate 
nitro- 
gen 
Mgs. 

2.5 

Devia- 
tion from 
mean  + 

Mgs. 

0.2 

Nitrate 
nitro- 
gen 

Mgs. 

1.0 

Devia- 
tion from 
mean  + 

Mgs. 

0.3 

No. 
42 

Nitrate 
nitro- 
gen 

Mgs. 

3.0 

Devia- 
tion from 
mean  ± 
Mgs. 

0.3 

Nitrate 
nitro- 
gen 

Mgs. 

0.6 

\ 
Devia- 
tion from 
mean  ± 

Mgs. 
0.1 

2 

2.8 

0.1 

1.1 

0.4 

43 

3.4 

0.7 

0.7 

0.0 

3 

3.0 

0.3 

1.0 

0.3 

44 

1.8 

0.9 

0.5 

0.2 

4 

2.5 

0.2 

1.2 

0.5 

45 

2.5 

0.2 

0.6 

0.1 

5 

3.8 

1.1 

1.9 

1.2 

46 

2.1 

0.6 

0.5 

0.2 

6 

2.7 

0.0 

1.5 

0.8 

47 

4.0 

1.3 

0.8 

0.1 

7 

3.3 

0.6 

1.5 

0.8 

48 

3.1 

0.4 

0.6 

0.1 

8 

3.2 

0.5 

1.2 

0.5 

49 

4.4 

1.7 

0.4 

0.3 

9 

2.5 

0.2 

1.2 

0.5 

50 

3.5 

0.8 

0.5 

0.2 

10 

2.9 

0.2 

1.4 

0.7 

51 

2.3 

0.4 

0.7 

0.0 

11 

3.0 

0.3 

1.5 

0.8 

52 

3.1 

0.4 

0.6 

0.1 

12 

2.7 

0.0 

0.8 

0.1 

53 

2.3 

0.4 

0.8 

0.1 

13 

1.9 

0.8 

1.2 

0.5 

54 

2.3 

0.4 

0.6 

0.1 

14 

3.7 

1.0 

1.1 

0.4 

55 

1.4 

1.3 

0.8 

0.1 

15 

3.8 

1.1 

0.8 

0.1 

56 

2.5 

0.2 

0.5 

0.2 

16 

3.0 

0.3 

1.0 

0.3 

57 

1.8 

0.9 

0.5 

0.2 

17 

2.0 

0.7 

0.8 

0.1 

58 

1.7 

1.0 

0.4 

0.3 

18 

2.2 

0.5 

1.0 

0.3 

59 

1.3 

0.4 

'  0.5 

0.2 

19 

2.9 

0.2 

1.0 

0.3 

60 

2.0 

0.7 

0.4 

0.3 

20 

3.5 

0.8 

0.8 

0.1 

61 

1.5 

1.2 

0.4 

0.3 

21 

3.0 

0.3 

1.0 

0.3 

62 

4.0 

1.3 

0.4 

0.3 

22 

4.5 

1.8 

0.8 

0.1 

63 

3.0 

0.3 

0.3 

0.4 

23 

3.5 

0.8 

0.9 

0.2 

64 

3.0 

0.3 

0.5 

0.2 

24 

3.6 

0.9 

0.5 

0.2 

65 

2.0 

0.7 

0.4 

0.3 

25 

1.8 

0.9 

0.6 

0.1 

66 

2.0 

0.7 

0.5 

0.2 

26 

3.4 

0.7 

0.8 

0.1 

67 

3.0 

0.3 

0.6 

0.1 

27 

3.0 

.      0.3 

2.2 

1.5 

68 

4.3 

1.6 

1.2 

0.5 

28 

1.5 

0.8 

0.8 

0.1 

69 

3.2 

0.5 

0.4 

0.3 

29 

2.3 

0.4 

0.6 

0.1 

70 

2.6 

0.1 

0.5 

0.2 

30 

2.6 

0.1 

0.5 

0.2 

71 

3.5 

0.8 

0.4 

0.3 

31 

1.3 

1.4 

0.5 

0.2 

72 

2.7 

0.0 

0.3 

0.4 

32 

3.1 

0.4 

0.9 

0.2 

73 

2.4 

0.3 

0.4 

0.3 

33 

2.6 

0.1 

0.4 

0.3 

74 

2.0 

0.7 

0.4 

0.3 

34 

2.8 

0.1 

0.3 

0.4 

75 

2.1 

0.6 

0.4 

0.3 

35 

1.8 

0.9 

0.3 

0.4 

76 

2.6 

0.1 

0.6 

0.1 

36 

1.3 

1.4 

0.4 

0.3 

77 

1.5 

1.2 

0.6 

0.1 

37 

1.0 

1.7 

0.5 

0.2 

78 

2.6 

0.1 

0.6 

0.1 

38 

4.0 

1.3 

0.9 

0.2 

79 

2.4 

0.3 

0.9 

0.2 

39 

3.0 

0.3 

0.6 

0.1 

80 

2.2 

0.5 

1.2 

0.5 

40 

3.6 

0.9 

0.4 

0.3 

81 

2.0 

0.7 

0.8 

0.1 

41 

3.8 

1.1 

0.6 

0.1 

Mean 

2.70± 

.05    0.5 

0.70± 

.03    0.3 

a 

= 

.70±r 

.04 

a—      .36  ± 

.02 

C.Y. 

= 

25.9  ±2 

.1% 

=  51 .4  ±3 

.3% 

EM 

= 

1.8% 

=    4.3% 
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TABLE  2 

Nitrate  Produced  prom 

the  Soil's 

Own 

Nitrogen  after 

Twenty-eight 

Days' 

Incubation- 

—Incubated  Blanks 

r 

'-6" 

6"-24" 

A 

' 

i" 

-6" 

6"-24" 

A 

Nitrate 

nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

r                                         "\ 
Nitrate             Devia- 
nitro-           tion  from 

No. 

gen 
Mgs. 

mean  ± 

Mgs. 

gen 
Mgs. 

mean  ± 

Mgs. 

No. 

gen 

Mgs. 

mean  + 

Mgs. 

gen              mean  + 

Mgs.                Mgs. 

1 

4.3 

0.9 

1.2 

0.2 

42 

4.5 

1.1 

1.2                0.2 

2 

2.4 

1.0 

1.0 

0.4 

43 

3.8 

0.4 

1.4                0.0 

3 

2.2 

1.2 

1.0 

0.4 

44 

3.0 

0.4 

1.2                0.2 

4 

1.6 

1.8 

0.8 

0.6 

45 

4.0 

0.6 

1.0                0.4 

5  • 

2.7 

0.7 

1.1 

0.3 

46 

3.0 

0.4 

1.2               0.2 

6 

4.0 

0.6 

1.2 

0.2 

47 

3.8 

0.4 

1.3               0.1 

7 

1.8 

1.6 

1.8 

0.4 

48 

3.3 

0.1 

1.2               0.2 

8 

3.0 

1.4 

1.0 

0.4 

49 

5.2 

1.8 

1.2               0.2 

9 

4.8 

1.4 

2.2 

0.8 

50 

4.8 

1.4 

1.4               0.0 

10 

3.0 

0.4 

3.0 

1.6 

51 

4.0 

0.6 

2.0               0.6 

11 

4.2 

0.8 

2.1 

0.7 

52 

3.5 

0.1 

1.6               0.2 

12 

4.5 

1.1 

1.5 

0.1 

53 

3.1 

0.3 

0.8               0.6 

13 

3.1 

0.3 

1.4 

0.0 

54 

4.7 

1.3 

1.5               0.1 

14 

4.6 

1.2 

1.5 

0.1 

55 

3.2 

0.2 

0.7               0.7 

15 

4.2 

0.8 

1.1 

0.3 

56 

4.1 

0.7 

1.2               0.2 

16 

4.2 

0.8 

1.6 

0.2 

57 

1.2 

1.2 

2.0               0.6 

17 

2.4 

1.0 

1.5 

0.1 

58 

3.4 

0.0 

1.0               0.4 

18 

2.8 

0.6 

1.1 

0.3 

59 

2.0 

1.4 

1.0               0.4 

19 

1.8 

1.6 

3.0 

1.6 

60 

3.0 

0.4 

2.2               0.8 

20 

4.8 

1.4 

2.2 

0.8 

61 

1.0 

2.4 

0.5               0.9 

21 

4.8 

1.4 

1.4 

0.0 

62 

1.5 

1.9 

0.6               0.8 

22 

3.5 

0.1 

1.5 

0.1 

63 

1.1 

2.3 

0.7               0.7 

23 

3.7 

0.3 

1.4 

0.0 

64 

1.0 

2.4 

1.7                0.3 

24 

3.0 

0.4 

1.2 

0.2 

65 

3.1 

0.3 

1.3                0.1 

25 

4.2 

0.8 

1.7 

0.3 

66 

5.0 

1.6 

1.8                0.4 

26 

3.8 

0.4 

1.8 

0.4 

67 

3.6 

0.2 

1.5               0.1 

27 

3.1 

0.3 

1.6 

0.2 

68 

2.1 

1.3 

2.0                0.6 

28 

2.8 

0.6 

1.4 

0.0 

69 

4.4 

1.0 

1.1               0.3 

29 

4.8 

1.4 

1.5 

0.1 

70 

3.1 

0.3 

1.2                0.2 

30 

3.5 

0.1 

1.5 

0.1 

71 

5.5 

2.1 

1.1               0.3 

31 

2.8 

0.6 

0.4 

0.0 

72 

3.6 

0.2 

1.4                0.0 

32 

3.2 

0.2 

2.0 

0.6 

73 

3.8 

0.4 

1.0                0.4 

33 

5.2 

1.6 

1.8 

0.2 

74 

3.8 

0.4 

0.3                1.1 

34 

3.3 

0.1 

1.2 

0.2 

75 

5.4 

2.0 

1.2                0.2 

35 

4.5 

1.1 

1.1 

0.3 

76 

3.8 

0.4 

1.2                0.2 

36 

2.8 

0.6 

1.4 

0.0 

77 

4.6 

1.2 

1.6                0.2 

37 

3.0 

0.4 

3.7 

2.3 

78 

1.5 

1.9 

1.5                0.1 

38 

1.7 

1.7 

1.1 

0.3 

79 

5.0 

1.6 

1.8                0.4 

39 

3.8 

0.4 

1.2 

0.2 

80 

3.1 

0.3 

1 .9                0.5 

40 

4.0 

0.6 

1.7 

0.3 

81 

3.5 

0.1 

1 .5                0.4 

41 

4.1 

0.7 

1.0 

0.4 

Moan 

3.40  ± 

.08    0.9 

1.40±.03    0.4 

<T 

= 

1.06  ± 

.05 

<t—      .50  ±.02 

c.v. 

= 

31.2±1 

.7% 

=  35.7±2.1% 

E 

= 

2.3% 

=  2.1% 
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TABLE  3 

Nitrate  Produced  from  0.2  gram  of  Ammonium  Sulphate  in 
100  grams  of  Soil 

l"-6"  6"-24"  l"-6"  6"-24" 


Xo. 
1 

Nitrate 
nitro- 
gen 
Mgs. 
6.6 

Devia- 
tion from 
mean  + 

Mgs. 
1.6 

Nitrate 
nitro- 
gen 

Mgs. 

1.8 

Devia- 
tion from 
mean  + 

Mgs. 

1.0 

No. 
42 

Nitrate             Devia- 
nitro-           tion  from 
gen               mean  + 
Mgs.               Mgs. 

2.1                2.9 

Nitrate 
nitro- 
gen 

Mgs. 

6.3 

Devia- 
tion from 
mean  + 

Mgs. 

3.5 

2 

4.3 

0.7 

3.7 

0.9 

43 

6.2                1.2 

3.0 

0.2 

3 

8.0 

3.0 

2.9 

0.1 

44 

5.2                0.2 

1.0 

1.8 

4 

6.0 

1.0 

3.3 

0.5 

45 

2.3                2.7 

1.2 

1.6 

5 

4.2 

0.8 

3.3 

0.5 

46 

1.8                3.2 

1.8 

1.0 

6 

6.0 

1.0 

2.5 

0.3 

47 

2.5                2.5 

1.5 

1.3 

7 

5.6 

0.6 

3.2 

0.4 

48 

2.5                2.5 

1.2 

1.6 

8 

5.0 

0.0 

4.3 

1.5 

49 

2.0                3.0 

1.2 

1.6 

9 

5.8 

0.8 

4.0 

1.2 

50 

2.3                2.7 

2.2 

0.6 

10 

5.3 

0.3 

3.8 

1.0 

51 

4.8                0.2 

2.3 

0.5 

11 

4.0 

1.0 

1.1 

1.7 

52 

5.5                0.5 

1.7 

1.1 

12 

5.5 

0.5 

3.0 

0.2 

53 

5.4                0.4 

1.7 

1.1 

13 

5.0 

0.0 

2.8 

0.0 

54 

6.5                1.5 

2.8 

0.0 

14 

4.6 

0.4 

2.8 

0.0 

55 

2.3                2.7 

3.2 

0.4 

15 

5.0 

0.0 

3.1 

0.3 

56 

5.2                0.2 

1.2 

1.4 

16 

6.5 

1.5 

3.3 

0.5 

57 

2.2                2.6 

1.5 

1.3 

17 

4.6 

0.4 

5.7 

1.9 

58 

3.6                1.4 

3.2 

0.4 

18 

5.0 

0.0 

4.0 

1.2 

59 

2.2                2.6 

5.0 

2.2 

19 

6.0 

1.0 

4.0 

1.2 

60 

3.5                1.5 

6.0 

3.2 

20 

5.0 

0.0 

2.4 

0.4 

61 

4.2                0.8 

3.5 

0.7 

21 

5.4 

0.4 

2.8 

0.0 

62 

7.2                2.2 

2.0 

•   0.8 

22 

6.0 

1.0 

3.4 

0.6 

63 

7.3                2.3 

2.4 

0.4 

23 

6.D 

1.5 

3.2 

0.4 

64 

3.7                1.3 

4.1 

1.3 

24 

4.8 

0.2 

2.0 

0.8 

65 

5.7                0.7 

0.2 

0.0 

25 

5.3 

0.3 

2.7 

0.1 

66 

3.8                1.2 

2.5 

0.3 

26 

5.5 

0.5 

5.4 

2.6 

67 

4.9                0.1 

3.0 

0.2 

27 

4.4 

0.6 

4.8 

2.0 

68 

4.8                0.2 

4.0 

1.2 

28 

7.5 

2.5 

4.7 

1.9 

69 

6.8               1.8 

1.0 

1.8 

29 

7.6 

2.6 

2.8 

0.0 

70 

5.8                0.8 

1.3 

1.5 

30 

6.2 

1.2 

1.9 

0.9 

71 

4.0                1.0 

1.0 

1.8 

31 

4.2 

0.8 

2.6 

0.2 

72 

1.8                3.2 

4.0 

1.2 

32 

5.0 

0.0 

3.2 

0.4 

73 

5.3                0.3 

2.3 

0.5 

33 

6.0 

1.0 

3.0 

0.2 

74 

5.8                0.8 

3.8 

1.0 

34 

4.5 

0.5 

2.2 

0.6 

75 

8.2                3.2 

1.5 

1.3 

35 

4.8 

0.2 

1.6 

1.2 

76 

5.5                0.5 

2.5 

0.3 

36 

4.8 

0.2 

1.5 

1.3 

77 

6.2                1.2 

3.1 

1.3 

37 

4.0 

1.0 

2.6 

0.2 

78 

6.0                1.0 

3.0 

1.2 

38 

5.4 

0.4 

2.5 

0.3 

79 

6.3                1.3 

2.6 

0.2 

39 

5.2 

0.2 

2.8 

0.0 

80 

6.0                1.0 

3.5 

0.7 

40 

6.6 

1.6 

2.0 

0.8 

81 

6.0                1.0 

3.2 

0.4 

41 

6.4 

1.4 

2.0 

0.8      • 

Mean 

5.00±.10    1.0 

2.80± 

.08    0.9 

<r 

= 

1.50±.08                a-:    1.10± 

.07 

C.V. 

= 

29.4±1.6% 

=  40.7±2 

.4% 

EM 

= 

2.0% 

=    3.4% 
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TABLE 

4 

Nitrate  Produced  from  0.2  gram  of 

Blood  in  100  grams 

of  Soil 

i' 

*-6" 

A 

6' 

"-24" 

A 

i" 

-6" 

6' 

'-24" 

Nitrate 
nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

No. 

gen 
Mgs. 

mean  ± 
Mgs. 

gen 
Mgs. 

mean  ± 
Mgs. 

No. 

gen 
Mgs. 

mean  + 
Mgs. 

gen 

Mgs. 

mean  + 
Mgs. 

1 

27.0 

6.0 

11.0 

0.3 

42 

7.0 

14.0 

20.0 

9.5 

2 

20.0 

1.0 

10.0 

0.7 

43 

18.0 

3.0 

10.0 

0.5 

3 

13.0 

8.0 

14.0 

3.3 

44 

18.0 

3.0 

13.0 

2.3 

4 

30.0 

9.0 

15.0 

4.3 

45 

21.0 

0.0 

12.0 

1.3 

5 

18.0 

3.0 

25.0 

14.3 

46 

13.0 

8.0 

14.0 

3.3 

6 

40.0 

19.0 

25.0 

14.3 

47 

18.0 

3.0 

19.0 

8.3 

7 

20.0 

1.0 

18.0 

7.3 

48 

20.0 

1.0 

12.0 

1.3 

8 

14.0 

7.0 

16.0 

5.3 

49 

21.0 

0.0 

18.0 

7.3 

9 

20.0 

1.0 

10.0 

0.7 

50 

20.0 

1.0 

17.0 

6.3 

10 

22.0 

1.0 

16.0 

5.3 

51 

24.0 

3.0 

9.0 

1.7 

11 

18.0 

3.0 

14.0 

3.3 

52 

21.0 

0.0 

10.0 

0.7 

12 

22.0 

1.0 

12.0 

1.3 

53 

27.0 

6.0 

12.0 

1.3 

13 

23.0 

2.0 

13.0 

2.3 

54 

32.0 

11.0 

22.0 

11.3 

14 

22.0 

1.0 

5.5 

5.2 

55 

32.0 

11.0 

7.0 

3.7 

15 

16.0 

5.0 

5.6 

5.1 

56 

20.0 

1.0 

18.0 

7.3 

16 

21.0 

0.0 

7.0 

3.7 

57 

27.0 

6.0 

10.0 

0.7 

17 

16.0 

5.0 

8.0 

2.7 

08 

27.0 

6.0 

4.3 

6.4 

18 

20.0 

1.0 

5.0 

5.7 

59 

14.0 

7.0 

3.0 

7.7 

19 

21.0 

0.0 

5.5 

5.2 

60 

30.0 

9.0 

20.0 

9.5 

20 

13.0 

8.0 

7.7 

30 

61 

22.0 

1.0 

4.3 

6.4 

21 

24.0 

3.0 

5.0 

5.7 

62 

23.0 

2.0 

10.0 

0.7 

22 

15.0 

6.0 

10.0 

0.7 

63 

24.0 

3.0 

9.0 

1.7 

23 

22.0 

1.0 

14.0 

3.5 

64 

14.0 

7.0 

4.8 

5.9 

24 

24.0 

3.0 

8.0 

2.7 

65 

29.0 

8.0 

10.0 

0.7 

25 

19.0 

2.0 

8.0 

2.7 

66 

21.0 

0.0 

10.0 

0.7 

26 

20.0 

1.0 

10.0 

0.7 

67 

28.0 

7.0 

6.5 

4.2 

27 

21.0 

0.0 

20.0 

9.5 

68 

23.0 

2.0 

1.7 

0.0 

28 

21.0 

0.0 

12.0 

1.3 

69 

19.0 

2.0 

5.5 

5.2 

29 

20.0 

1.0 

4.4 

6.3 

70 

16.0 

5.0 

3.7 

7.0 

30 

11.0 

10.0 

5.9 

4.8 

71 

17.0 

4.0 

2.7 

8.0 

31 

20.0 

1.0 

7.4 

3.3 

72 

27.0 

6.0 

4.0 

6.7 

32 

17.0 

4.0 

14.0 

3.3 

73 

30.0 

9.0 

5.3 

5.4 

33 

10.0 

11.0 

13.0 

2.3 

74 

28.0 

7.0 

24.0 

13.3 

34 

20.0 

1.0 

5.0 

5.7 

75 

25.0 

4.0 

10.0 

0.7 

35 

15.0 

6.0 

2.4 

8.3 

76 

22.0 

1.0 

12.0 

1.5 

36 

12.0 

9.0 

8.5 

2.2 

77 

28.0 

7.0 

4.2 

6.5 

37 

19.0 

2.0 

11.0 

0.3 

78 

24.0 

3.0 

9.0 

1.7 

38 

16.0 

5.0 

14.0 

2.3 

79 

22.0 

1.0 

12.0 

1.3 

39 

14.0 

7.0 

8.0 

2.7 

80 

17.0 

4.0 

7.2 

3.5 

40 

13.0 

8.0 

5.7 

5.0 

81 

30.0 

9.0 

21.0 

10.3 

41 

27.0 

6.0 

11.0 

0.3 

Mea 

n21.10± 

0.4    4.0 

10.70± 

0.4    4.5 

<T 

=    5.70± 

0.30              a  : 

=    5.30  ± 

.30 

c.v. 

=  27.1±1 

.5% 

=  49.4±3 

.1% 

Em 

=    1.9% 

=    4.0% 
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TABLE 

5 

Summary  of  Statistical  Data 

Kesidual  nitrate. 

Mean 
Milligrams 

Extremes 
Milligrams 

Standard 

deviation 

Milligrams 

Coefficient 

of 

variability 

Per  cent 

Probable 
error  of 
mean± 
Per  cent 

Surface   

2.70±.05 

1.4-4.5 

0.70±.04 

25.9±  2.1 

1.8 

Subsoil  

0.70±.03 

0.3-1.2 

0.36±.02 

51.4±  3.3 

4.3 

Incubated  blanks. 

Surface   

3.40±.08 

1.0-5.5 

1.06±.05 

31.2±  1.7 

2.3 

Subsoil  

1.40±.08 

0.1-2.2 

0.50±.02 

35.7±  2.1 

2.1 

(NH4)2S04. 

Surface   

5.00  ±.10 

1.8-8.2 

1.50±.08 

29.4±  1.6 

2.0 

Subsoil 

2.80±.08 

0.2-3.2 

1.10±.07 

40.7±  2.4 

3.4 

Blood. 

Surface  

21.00±.40 

7.0-40.0 

5.70±.30 

27.1±  1.5 

1.9 

Subsoil  

10.70±.40 

1.7-25.0 

5.30±.30 

49.4±  3.1 

4.0 

Unless  otherwise  stated,  the  probable  error  of  any  value  has  been 
used  directly  as  found  in  the  discussion  which  follows  so  that  there  is 
simply  an  even  chance  that  the  results  so  treated  fall  within,  or 
without,  the  limits  of  their  respective  probable  errors.  The  effect  of 
multiplying  the  probable  error  by  two,  three,  or  any  higher  number, 
may  be  found  by  referring  to  the  reference  cited  above. 


Discussion  of  Experimental  Results 

To  express  the  results  in  concise  form,  table  5  has  been  inserted  to 
summarize  briefly  the  data  of  the  preceding  tables.  In  the  first  column 
the  means  of  the  various  series  are  given  with  their  respective  probable 
errors.  In  the  case  of  residual  nitrate,  2.7  milligrams  in  one  hundred 
grams  of  soil  represent  .0027  per  cent  of  the  soil  or  approximately 
54  pounds  of  nitrate  nitrogen  per  acre,  considering  only  the  upper  six 
inches  of  the  soil  mass.  The  probable  error  of  the  determination 
amounts  to  .00005  per  cent  of  the  soil  so  that  it  is  an  even  chance  that 
the  mean  of  the  eighty-one  determinations  is  correct  within  one  pound 
per  acre.  In  the  subsoil,  the  mean  of  14  pounds  per  acre,  is  within 
0.6  pounds  of  the  correct  figure,  on  the  same  basis.  The  extreme  range 
amounts  to  62  pounds  in  the  surface  soil  and  18  pounds  per  acre  in  the 
subsoil,  both  figures  being  of  greater  magnitude  than  the  means  of  the 
two  series.  It  is  not  possible  to  translate  the  other  figures  into  a 
practical  pounds  per  acre  basis,  since  they  represent  laboratory  treat- 
ments. 
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The  extremes  recorded  in  column  two  are  simply  the  extreme  deter- 
minations found  in  any  one  series.  The  extreme  range  may  be  deter- 
mined b}^  taking  the  difference  between  these  two  figures.  The  greatest 
extremes  are  shown  by  the  samples  to  which  dried  blood  was  added, 
with  the  ammonium  sulfate  samples  a  close  second.  The  results  for 
any  one  series  emphasize  the  very  large  difference  found  between  a 
large  number  of  samples  treated  as  uniformly  as  possible. 

It  will  be  noted  that  the  coefficients  of  variability  as  regards  the 
surface  samples  with  their  various  treatments  differ  but  little  among 
themselves,  this  difference  amounting  to  only  5.3  per  cent.  The  differ- 
ence is  greater  with  the  four  series  in  which  the  subsoil  was  used,  being 
15.7  per  cent  or  nearly  three  times  that  of  the  surface  samples.  The 
point  is  again  emphasized  here  that  we  are  dealing  with  the  summations 
of  all  the  errors  to  which  the  samples  are  subject,  both  field  and 
laboratory.  One  source  of  error  has  been  allowed  for,  which  is  of  a 
purely  mechanical  nature,  namely,  that  of  making  the  readings  with 
the  colorimeter.  This  error  will  be  considered  in  the  following  section, 
and  the  coefficients  of  variability  discussed  at  greater  length  there. 

The  percentage  ratios  given  as  the  probable  error  of  the  mean  place 
all  the  results  on  a  comparable  basis  as  regards  the  error  to  which  the 
various  means  are  subject.  Attention  is  called  to  the  fact  that  these 
figures  are  of  similar  magnitudes  in  the  four  series  of  surface  samples 
while  showing  much  larger  differences  in  the  subsoil  samples  with  their 
various  treatments. 

It  will  be  noted  from  tables  1,  2,  and  3  that  in  a  number  of  samples 
there  was  less  actual  nitrate  nitrogen  found  in  the  subsoil  samples 
after  incubation  without  the  addition  of  ai^thing  but  water,  or  with 
the  addition  of  0.2  gram  of  ammonium  sulphate,  than  was  present  in 
the  soil  of  corresponding  samples  as  they  came  from  the  field.  This 
result  was  not  anticipated  and  no  explanation  to  account  for  this  loss 
of  nitrate  nitrogen  is  offered  at  the  present  time.  It  is,  however, 
regarded  as  of  biochemical  interest  largely  and  not  of  importance  as 
regards  the  variation  between  samples  at  the  time  the  determinations 
were  actually  made. 

Error  of  the  Determinations  Due  to  the  Colorimeter 

Reference  has  already  been  made  to  the  absolute  accuracy  of  the 
nitrate  determination  and  its  bearing  upon  the  results  reported  in  the 
present  paper.     Aside  from  the  absolute  accuracy  of  the  determina- 
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tions,  it  is  desired  to  consider  briefly  the  error  in  making  the  readings 
on  the  colorimeter  due  to  the  inability  of  the  eye  to  detect  small 
changes  in  the  depth  of  color  between  the  standard  employed  and  the 
unknown  solutions.  All  workers  in  soil  chemistry  are  familiar  with 
the  Kenicott-Sargent  colorimeter,  so  that  the  instrument  itself  needs 
no  description  here.  To  check  the  readings  on  the  unknown  solutions, 
a  solution  was  prepared  of  the  average  strength  of  the  residual  nitrate 
determined  in  the  first  series  reported.  Sixteen  equal  volumes  of  this 
solution  were  taken  and  treated  exactly  as  the  soil  extracts  were  treated. 
The  average  amount  of  nitrate  nitrogen  found  in  the  sixteen  portions 
was  the  same  as  that  for  the  series  referred  to  above,  namely,  2.7 
milligrams.  The  actual  determinations,  together  with  the  calculated 
statistical  constants,  are  reported  in  table  6.  The  probable  error  of 
the  mean  of  sixteen  samples,  together  with  the  error  to  which  both 
larger  and  smaller  numbers  of  samples  are  subject,  is  given  in  table  7. 
The  calculations  have  been  made  by  the  use  of  the  formulae  already 
given.  It  is  evident  that  the  calculation  of  the  probable  error  from 
sixteen,  instead  of  a  larger  number  of  samples,  makes  it  less  reliable 
than  if  a  larger  number  had  been  used,  but  since  the  error  from 
this  source  is  relatively  small  as  compared  to  the  error  due  to  field 
sampling,  it  is  deemed  of  sufficient  accuracy  for  the  purpose  in  hand. 
This  error  will  be  referred  to  as  the  laboratory  error  to  distinguish  it 
from  the  error  due  to  sampling. 


TABLE  6 

Coefficient  of  Variability  and  Probable  Error  of  Colorimeter  Eeadings 


SO. 

1 

Nitrate 
nitrogen 
Milligrams 

2.5 

Deviation 

from  mean4 

Milligrams 

0.2 

2 

2.8 

0.1 

3 

2.8 

0.1 

4 

2.9 

0.2 

5 

2.5 

0.2 

6 

2.6 

0.1 

7 

2.8 

0.1 

8 

2.6 

0.1 

No. 
9 

Nitrate 

nitrogen 

Milligrams 

2.6 

Deviation 

from  mean  H 

Milligrams 

0.1 

10 

2.8 

0.1 

11 

3.0 

0.3 

12 

2.6 

0.1 

13 

2.7 

0.0 

14 

2.7 

0.0 

15 

2.6 

0.1 

16 

an 

2.7 

0.0 

Me; 

2.7±.i 

32 

0.1 

a 

=    .13± 

.01 

C.V. 

=  4.8±.5% 

E 

=  0.8% 
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It  will  be  noted  that  the  probable  error  of  a  single  nitrate  deter- 
mination is  2.7  ±  .09  milligrams  or  3.2  per  cent  of  the  amount  deter- 
mined. The  error  for  a  single  determination,  expressed  on  the  field 
samples  as  a  percentage,  is  17.4  or  about  5.1  times  greater  than  the 
laboratory  error,  even  after  making  allowance  for  this  error.  With 
sixteen  determinations,  the  probable  error  becomes  2.7  ±  .022  milli- 
grams or  0.8  per  cent.  Further,  with  eighty-one  samples,  the  probable 
error  is  only  2.7  ±  .009  milligrams  or  0.3  per  cent. 

In  allowing  for  this  laboratory  error  in  the  various  series  reported, 
it  is  evident  that  it  becomes  relatively  larger  the  smaller  the  amount 
of  nitrate  determined  within  the  limits  of  the  amounts  found  in  the 
present  study.  In  other  words,  the  probable  error  will  remain  the 
same  while  the  amount  of  nitrate  determined  decreases,  so  that  the 
probable  error  will  form  a  larger  percentage  of  the  determination. 
On  the  other  hand,  the  probable  error  becomes  relatively  smaller  as 
we  increase  the  actual  amount  of  nitrate  nitrogen  again  within  the 
limits  of  the  amounts  reported  here.  The  same  is  true  for  the  co- 
efficient of  variability.  This  increased  ratio  is  brought  out  in  table  8, 
which  is  simply  a  reconstruction  of  table  5,  after  making  allowance 
for  the  laboratory  error. 

The  coefficient  of  variability  computed  from  the  standard  deviation 
(.13  ±  .01  mg.)  and  the  average  amount,  of  nitrate  nitrogen  reported 
for  the  various  series  is  given  in  column  one.  This  figure  is  the  largest 
for  the  subsoil  samples  in  the  field  and  the  smallest  for  the  surface 
samples  treated  with  blood,  the  mean  of  the  eighty-one  readings  being 
0.7  and  21.0  milligrams,  respectively,  in  the  two  cases.  In  the  second 
column,  the  corrected  coefficients  of  variability  for  the  field  samples 
are  given,  these  being  the  difference  between  coefficients  of  variability 
before  the  laboratory  error  was  allowed  for  and  the  various  coefficients 
of  variability  given  in  column  one.     It  will  be  noted  that  the  same 


TABLE 

7 

Showing  the 

Decrease  of  Laboratory  Error  as  Number  of 

Determinations 

Increase 

Number         Probable 
of                 error  of 
samples             mean 

Milligrams 

1          2.700±.087 

Probable 

error  of 

mean 

Per  cent 

3.2 

Number 

of 
samples 

36 

Probable 
error  of 

mean 
Milligrams 

.014 

Probable 

error  of 

mean 

Per  cent 

0.5 

4                     .043 

1.6 

49 

.012 

0.4 

9                     .039 

1.1 

64 

.011 

0.4 

1 6                      .022 

0.8 

81 

.009 

0.3 

25                     .017 

0.7 

191S] 


Waynick:   A  Statistical  Study  of  Nitrification  in  Soil 


257 


qualitative  relations  hold  as  between  the  various  treatments  in  every 
ease  except  the  incubated  subsoil  samples  which  are  somewhat  less 
variable  than  the  surface  samples.  With  the  other  three  series,  the 
subsoil  samples  still  show  a  much  higher  coefficient  of  variability  than 
the  surface  samples,  as  do  the  samples  treated  with  fertilizers  in  the 
laboratory  in  contrast  with  the  untreated  field  samples.  The  per- 
centage probable  errors  or  laboratory  errors  are  shown  in  column 
three,  while  the  corrected  figures  for  the  field  samples  are  given  in 
column  four. 

Referring  again  for  a  moment  to  table  6,  it  is  evident  that  the 
laboratory  error  increases  as  the  square  root  of  the  number  of  deter- 
minations made,  so  that  the  mean  of  any  number  of  readings  on  the 
colorimeter  becomes  less  reliable,  the  fewer  the  number,  exactly  as  the 
mean  of  a  fewer  number  of  samples  is  less  accurate  than  the  mean 
of  a  larger  number.  In  other  words,  the  curves  of  the  errors  of  the 
various  determinations  are  parallel,  as  will  be  seen  by  reference  to 
figure  2.  This  fact  must  be  kept  in  mind  in  considering  the  results 
given  in  the  following  section. 

Results  of  Random  Samplings 

It  is  of  very  direct  interest  to  consider  for  a  moment  the  accuracs^ 
of  the  mean  of  a  limited  number  of  samples  taken  at  random.  Ten 
surface  samples  are  included  in  the  first  group  (table  9)  and  sixteen 
in  the  second  (table  10),  since  about  these  numbers  of  samples  have 


TABLE  8 

Summary  of  Statistical  Data  after  Making  Allowance  for  the 
Laboratory  Error 

Coefficient  Corrected  Corrected 

of  variability  coefficient  probable 

(laboratory  of  Laboratory             error  of 

error)  variability  error                      mean 

Per  cent  Per  cent  Per  cent                 Per  cent 

Eesidual  nitrate. 

Surface 4.8±  0.2  21.1±  2.1  0.3                     1.5 

Subsoil 18.5±  1.0  32.9±  3.4  1.2                      3.1 

Incubated  blanks. 

Surface   3.8±  0.2  27.4±  1.7  0.3                     2.0 

Subsoil  9.2±  0.5  25.5±  2.1  0.7                     1.4 

Ammonium  sulfate. 

Surface  2.6±  0.1  26.8±  1.6  0.2                     1.8 

Subsoil  4.6±0.2  36.1  ±  2.4  0.4                     3.0 

Blood. 

Surface  0.6±  0.03  26.5±  1.5  0.05                   1.9 

Subsoil  1.2±  0.10  48.2±  3.1  0.09                   3.9 
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frequently  been  used  in  making  up  a  composite  sample.  It  is  assumed 
for  the  time  being  that  the  amount  of  nitrate  actually  found  in  a 
composite  sample  is  that  expressed  by  the  mean  of  any  given  number 
of  samples.  All  the  calculations  have  been  made  upon  the  samples 
reported  in  the  tables  below  just  as  if  these  were  the  only  samples 
taken  from  the  area,  as  would  be  done  if  such  a  number  of  samples 
were  used  in  an  independent  investigation.  In  this  case,  however,  we 
have  a  much  larger  number  of  samples  to  check  the  accuracy  of  the 
results  obtained  with  the  fewer  number.  Table  9  gives  the  amounts 
of  nitrate  found  in  ten  surface  samples,  numbered  from  forty-two  to 

TABLE  9 
Variability  of  Ten  Surface  Samples  Taken  at  Random 


Residual  ni 

A 

trate 

Incubated  blanks 

A 

(NH4)2S04 

A 

Blood 

A 

Nitrate 
nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

Nitrate 
nitro- 

Devia- 
tion from 

Xo. 

gen 

Mgs. 

mean  + 
Mgs. 

gen 

Mgs. 

mean  + 
Mgs. 

gen 

Mgs. 

mean  + 

Mgs. 

gen 

Mgs. 

mean  + 
Mgs. 

42 

3.0 

0 

4.5 

0.6 

2.1 

1.0 

7.0 

10.0 

43 

3.4 

0.4 

3.8 

0.1 

6.2 

3.1 

18.0 

1.0 

44 

1.8 

1.2 

'3.0 

0.9 

5.2 

2.1 

18.0 

1.0 

45 

2.5 

0.5 

4.0 

0.1 

2.3 

0.8 

21.0 

3.0 

46 

2.1 

0.9 

3.0 

0.9 

1.8 

1.3 

13.0 

4.0 

47 

4.0 

1.0 

3.8 

0.1 

2.5 

0.6 

18.0 

1.0 

48 

3.1 

0.1 

3.3 

0.6 

2.5 

0.6 

20.0 

3.0 

49 

4.4 

1.4 

5.2 

1.3 

2.0 

1.1 

21.0 

4.0 

50 

3.5 

0.5 

4.8 

0.9 

2.3 

0.8 

20.0 

3.0 

51 

2.3 

0.7 

4.0 

0.1 

4.8 

0.7 

24.0 

7.0 

Mear 

i     3.00±1.7 

0.6 

3.90±, 

.15 

0.6 

3.10± 

.31 

1.3 

17.00± 

.89 

3.7 

a 

0.80±0.12 

0.70±. 

.10 

1.50± 

.22 

4.70± 

.63 

C.V. 

26.7±4.3% 

17.9±2. 

7% 

48.4±3.9% 

24.7±3.8% 

EM 

5.7% 

3.8% 

10.0% 

5.2% 

fifty-one,  inclusive.  It  will  be  noted  that  these  samples  are  taken  in 
a  straight  line  (see  fig.  1),  while  the  sixteen  samples  are  taken  indis- 
criminately over  the  area.  Considering  the  residual  nitrate  alone,  it 
is  seen  that  the  mean  of  the  ten  samples  is  0.30  milligrams  above  the 
mean  of  the  total  number  of  samples.  Further,  the  probable  error  of 
the  mean  is  increased  from  ±  .05  milligram  to  ±  .17  milligram  or,  in 
terms  of  the  probable  error,  the  chances  are  about  3  to  1  that  the 
difference  between  the  two  results  is  a  significant  one.*  The  coefficients 
of  variability  are  very  nearly  the  same  in  the  two  instances. 


The  probable  error  of  the  differences  between  two  results  is  calculated  from 
the  formula: 


Probable  error  of  difference  =  .»  /  j£     _|_  /<; 
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In  the  incubated  samples,  the  probable  error  of  the  difference  be- 
tween the  samples  is  0.50  ±  .17  milligrams,  for  the  samples  to  which 
ammonium  sulfate  was  added  1.90  ±  .31  milligrams,  and  for  dried  blood 
4.00  ±  .97  milligrams.  It  is  worthy  of  note  that  the  probable  error  of 
the  differences  between  eighty-one  samples,  to  which  ammonium  sulfate 
was  added,  and  the  ten  samples  given  above  is  no  less  than  6  to  l.f 
The  coefficient  of  variability  of  the  ten  samples  is  greatly  increased, 

TABLE  10 
Variability  of  Sixteen  Surface  Samples  Taken  at  Random 


Residual  n 

itrate 

Incubated  blanks 

A 

(NH4)2 

A 

so4 

Blood 

A 

No. 

1 

Nitrate 
nitro- 
gen 
Mgs. 

2.5 

^ 
Devia- 
tion from 
mean  ± 
Mgs. 

2.0 

Nitrate 
nitro- 
gen 
Mgs. 

4.3 

Devia- 
tion from 
mean  ± 
Mgs. 

1.0 

Nitrate 
nitro- 
gen 

Mgs. 

6.6 

Devia- 
tion from 
mean  + 
Mgs. 

2.2 

Nitrate 
nitro- 
gen 

Mgs. 

27.0 

Devia- 
tion from 
mean  ± 
Mgs. 

8.0 

3 

3.0 

0.5 

2.2 

1.1 

8.0 

3.6 

13.0 

6.0 

7 

3.3 

0.8 

1.8 

1.5 

6.6 

2.2 

20.0 

1.0 

9 

2.5 

0.0 

4.8 

1.5 

5.8 

1.4 

20.0 

1.0 

30 

2.6 

0.1 

3.5 

0.2 

6.2 

1.8 

11.0 

8.0 

34 

2.8 

0.3 

3.3 

0.0 

4.5 

0J 

20.0 

1.0 

37 

1.0 

1.5 

3.0 

0.3 

4.0 

'    0.4 

19.0 

0.0  • 

40 

3.6 

1.1 

4.0 

0.7 

6.6 

2.2 

13.0 

6.0 

42 

3.0 

0.5 

4.5 

1.2 

2.1 

2.3 

7.0 

12.0 

46 

2.1 

0.4 

3.0 

0.3 

1.8 

1.6 

13.0 

6.0 

49 

4.4 

1.9 

5.2 

1.9 

2.0 

2.4 

21.0 

2.0 

53 

2.3 

0.2 

3.1 

0.2 

6.4 

2.0 

27.0 

8.0 

57 

1.8 

0.7 

1.2 

2.1 

2.2 

2.2 

27.0 

8.0 

59 

1.3 

1.2 

2.0 

1.3 

2.2 

2.2 

14.0 

5.0 

60 

2.0 

0.5 

3.0 

0.3 

3.5 

0.9 

30.0 

11.0 

72 

2.7 

0.2 

3.6 

0.3 

1.8 

2.6 

27.0 

8.0 

Mean 

2.50± 

.14 

0.6 

3.30± 

.17 

0.9 

4.40± 

.35 

1.9 

19.00± 

:1.1 

6.0 

a 

0.80±, 

.10 

1.00±, 

.12 

2.10± 

.26 

6.70± 

:.08 

c.v. 

34.4±4.5% 

30.3±3.9% 

47.7±6.4% 

35.2  ±4.6% 

EM 

5.6% 

5.2% 

7.9% 

5.8% 

being  48.4  ±  3.9  per  cent.  On  the  other  hand,  it  happens  that  the 
incubated  blanks  vary  even  less  than  the  eighty-one  samples,  the  co- 
efficients of  variability  being  17.9  ±  2.7  per  cent  and  31.2  ±  1.7  per 
cent  respectively.  It  is  seen  from  these  results  that  very  wide  varia- 
tions may  be  found  when  only  ten  samples  are  used  in  making  a 
composite  sample  and  that  that  number  of  determinations  is  by  no 
means  enough  to  be  an  accurate  measure  of  the  actual  nitrate  nitrogen 
content  when  the  variations  are  of  the  magnitudes  of  those  noted  above. 
Turning  for  a  moment  to  the  results  given  in  table  10,  we  find  that 


t  For  table  of  odds  to  aid  in  estimating  the  significance  of  differences  between 
two  results,  see  Batchelor  and  Reed,  Jour.  Agr.  Res.,  vol.  12,  pp.  265-266,  1918. 
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the  probable  error  of  the  difference  between  the  mean  of  the  sixteen 
samples  taken  purely  at  random,  and  the  entire  number  of  determina- 
tions made,  to  be  .20  ±  .15  milligrams,  with  a  coefficient  variability  of 
34.4  ±  4.5  per  cent  as  contrasted  with  25.9  db  2.1  per  cent  for  the  total 
number.  The  difference  between  the  number  of  samples  considered 
here  and  the  total  number  is  not  significant  with  the  incubated  blanks, 
but  wTith  the  ammonium  sulfate  samples  the  probable  error  of  the 
difference  between  the  means  is  0.66  ±  .33,  and  with  dried  blood 
2.0  ±  1.1.  The  chances  are  somewhat  less  than  2  to  1  that  the  differ- 
ences between  the  sixteen  samples  here  considered  and  the  total  eighty- 


TABLE 

11 

Effect 

OF 

Distance 

upon  the  Variability  in  Samplin( 

j — Residual  Nitrate 

Five-foot  radius 

A 

' 

rwenty-five  foot  radius 

Fifty-foot  radius 

A 

Nitrate 
No.      nitrogen 
Milligrams 

2         2.8 

Deviation 

from  mean 

Milligrams 

0.4 

r 

No. 
6 

Nitrate 

nitrogen 

Milligrams 

2.7 

Deviation 
from  mean 
Milligrams 

0.3 

No. 
11 

Nitrate 
nitrogen 
Milligrams 
3.0 

\ 
Deviation 
from  mean 
Milligrams 

0.5 

12         2.7 

0.5 

16 

3.0 

0.6 

21 

3.0 

0.5 

22         4.5 

1.3 

26 

3.4 

1.0 

31 

1.3 

1.2 

32         3.1 

0.1 

36 

1.3 

1.1 

41 

3.8 

1.3 

42         3.0 

0.2 

46 

2.1 

0.3 

51 

2.3 

0.2 

52         3.1 

0.1 

56 

2.5 

0.1 

61 

1.5 

1.0 

62         4.0 

0.8 

66 

2.0 

0.4 

71 

3.5 

1.0 

72         2.7 

0.5 

0.5 

76 

2.6 

0.2 
0.4 

81 

2.0 

0.5 

Mean  3.20± 

.14 

2.40±.14 

2.50±.19 

0.6 

a       0.60±, 

.10 

0.60±.10 

0.80±.13 

C.V.  18.7±3.3% 

25.0±4.5% 

32.0±5.8% 

EM      4.4% 

5.8% 

7.6% 

one  samples  are  significant.  It  is  evident  that  calculations  made  from 
the  mean  of  sixteen  samples  are  of  a  higher  degree  of  accuracy  than 
when  only  ten  samples  are  used,  but  the  number  is  still  too  few  to  give 
results  of  a  high  order  of  reliability,  and  could  by  no  means  be  taken 
as  truly  representative  of  the  entire  area  under  consideration. 

Other  numbers  and  other  groupings  may  be  selected  and  the  mag- 
nitude of  their  means  and  their  accompanying  probable  errors  and 
coefficients  of  variability  computed  from  the  data  reported  in  tables 
1  to  4. 

Effect  of  Distance  upon  Variability 

To  determine  whether  or  not  the  distance  apart  the  samples  were 
taken  is  a  factor  of  importance  in  sampling,  the  arrangement  given  in 
table  11  has  l)oon  made.    The  results  shown  in  the  table  are  for  residual 
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nitrate  in  the  surface  samples  only.  The  first  group  of  determinations, 
from  numbers  two  to  seventy-two,  inclusive,  by  intervals  of  ten,  were 
recorded  from  samples  lying  within  a  radius  of  five  feet  of  number 
one.  The  mean  of  the  eight  readings  is  3.20  ±  .14  milligrams  or  0.5  ± 
.15  milligrams  above  the  mean  for  the  whole  number  of  samples.  The 
coefficient  of  variability  is,  however,  relatively  low. 

The  second  group  of  determinations  from  numbers  six  to  seventy- 
six,  varying  as  those  of  the  group  above,  are  of  the  samples  on  the 
circle  with  a  radius  of  twenty-five  feet  from  the  center.  The  mean  of 
this  group  of  eight  determinations  is  2.40  ±  .14  milligrams  or  0.3  ±  .15 
below  that  of  the  established  mean  as  already  given.  The  coefficient 
of  variability  in  this  case  is  nearly  the  same  as  for  the  total  of  eighty- 
one  samples,  however. 

The  last  group  of  determinations  represents  the  nitrate  found  in 
the  samples  taken  as  the  fifty-foot  radius.  The  mean  of  the  eight 
determinations  is  2.50  ±  .20  milligrams ;  0.70  ±  .24  milligrams  and 
.10  ±  .24  milligrams.  In  two  cases,  the  differences  are  significant;  in 
the  third,  the  probable  error  is  greater  than  the  difference  and  holds 
between  the  most  widely  separated  samples  taken  on  the  twenty-five 
and  fifty-foot  radii.  Even  though  only  eight  samples  are  considered 
in  any  one  group,  the  conclusion  seems  justified  that  the  distances 
apart  samples  are  taken  is  of  little  importance,  except  in  so  far  as  their 
distribution  be  uniform  over  the  area  to  be  sampled.  A  small  area  of 
an  apparently  uniform  field  may  lead  to  very  erroneous  results,  as 
evidenced  by  the  high  figures  obtained  for  the  mean  of  the  determina- 
tions made  upon  the  samples  on  the  five-foot  radius.  It  is,  of  course, 
taken  for  granted  that  we  are  dealing  in  every  instance  with  a  field 
suitable  for  experimental  work  and  hence  not  marked  by  changes  in 
the  soil  apparent  to  the  eye. 


Estimate  of  the  Number  of  Samples  Required  for  any 
Given  Degree  of  Accuracy7 

It  is  very  desirable  to  know  just  how  many  samples  it  is  necessary 
to  use  to  secure  the  degree  of  accuracy  deemed  desirable  for  the  work 
in  hand.  By  the  use  of  the  probable  error  and  the  standard  deviation 
found  from  any  representative  number  of  samples,  an  estimate  of  the 
number  of  samples  which  will  give  a  lower  or  higher  degree  of  accuracy 
than  the  number  used  may  be  computed.    For  example,  in  the  case  of 
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the  residual  nitrate  determinations,  we  have  seen  that  the  mean  of  the 
eighty-one  samples  amounted  to  2.70  milligrams,  with  a  probable  error 
of  ±  .05  milligrams  and  the  standard  deviation  of  the  series  0.70  gram. 
As  already  stated,  the  probable  error  of  the  mean  is  expressed  as 

.6745  X  o- 


EM  — 


y  n 


1.  Laboratory  Error. 

2.  Rest'dual  Nitrate    6-24" 
3  ••  «  f-6* 
4.  Incubated   Blanks  6"-  £4" 
5             -                    -  |"- 6' 
6.  Ammonium  Sulfate    6*-  £4" 

7        » .  -      r-< " 

8.  Blood  6"-e4' 


/     4        9  16 

No    of.Sampki 
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and  since  the  standard  deviation  in  this  instance  is  0.7  gram,  hence 

.6745  X  0.70 

EM  =  .- 

\n 

We  can  make  EM  of  any  dimension  desired  and  since  our  method  of 
determining  nitrates  allows  of  direct  determinations  only  to  0.1  milli- 
gram, we  will  use  this  number  for  the  probable  error  of  the  mean  of 
the  desired  number  of  determinations  so  that 

.67.45  X  0.70 
±0.10  =      —■ ~ — 

\/  n 

from  which  n  =  22.  It  must  be  remembered,  however,  that  the  labora- 
tory error  increases  as  we  decrease  the  number  of  determinations  in 
the  same  manner  as  the  probable  error  of  our  sampling,  so  that  this 
increased  error  must  be  taken  into  account  in  estimating  the  number 
of  samples  necessary  to  ensure  any  desired  degree  of  accuracy.  Refer- 
ring to  table  7.  we  find  that  the  probable  error  of  making  the  readings 
on  the  colorimeter  for  twenty-five  samples  is  .017  milligram  or  very 
nearly  .018  milligram  for  twenty-two  samples,  so  that  for  a  probable 
error  of  0J  milligram  we  have 

_  1       .6745  X  0.13 

±0.1  = = 

and  n  =  l.  Thus  twenty-three  samples  are  sufficient  so  that  the 
probable  error  in  the  mean  is  0.10  milligram.  The  taking  into 
account  of  the  laboratory  error  involves  an  extra  calculation,  which, 
for  all  practical  purposes,  may  be  avoided  by  the  use  of  a  table,  such 
as  shown  by  table  12  (represented  graphically  in  figure  2),  Avhich  has 
been  calculated  from  the  data  given  in  tables  1,  2,  3,  and  4,  after 
the  manner  already  outlined.  It  will  be  noted  that  this  table  is  of 
limited  range  and  accounts  for  numbers  of  samples  less  than  eighty- 
one,  but  may  be  extended  for  a  range  greater  than  the  one  given  if 
desired.  The  approximate  number  of  samples  may  be  readily  found 
after  the  following  manner.  It  is  desired  to  determine  the  number  of 
ammonium  sulfate  samples  necessary  to  be  taken  to  ensure  the  same 
degree  of  accuracy  as  for  twenty-three  residual  nitrate  samples,  of  which 
the  probable  error  of  the  mean  was  calculated  to  be  ±0.10  milligram. 
By  reference  to  table  12,  it  is  found  that  about  eighty-one  samples  are 
required  without  taking  the  laboratory  error  into  account.  This  error 
is  .009  milligram  (table  7)  for  eighty-one  samples,  an  amount  less 
than  one  per  cent  of  the  error  which  we  are  allowing  for  and  hence 
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negligible,  for  all  practical  purposes,  when  the  probable  error  of  the 
sampling  is  of  as  great  a  magnitude  as  0.1  milligram.  It  must  be 
recognized  that  the  mean  of  the  number  of  samples  so  calculated  may 
be  found  to  have  a  greater  or  less  probable  error  in  practice  so  that 
a  greater  number  of  samples  than  calculated  should  be  taken.  This 
relation  has  already  been  brought  out  in  the  previous  section,  where 
it  was  shown  that  the  fewer  the  samples,  the  less  representative 
of  the  total  area  they  became.  By  an  inspection  of  table  12,  it 
is  evident  that  the  number  of  samples  necessary  to  secure  the  degree 
of  accuracy  which  we  established  for  the  residual  nitrate  samples  must 
be  very  greatly  increased,  when  we  are  dealing  with  ammonium  sulfate 
or  blood  treated  samples. 


TABLE 

12 

Probable  Error 

with  Varying  Numbers 

OF 

Determinations 

imber 
of 
triples 

Residual 

A 

nitrate 

Incubated  blanks 

A 

Ammonium  sulphate 

A 
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l"-6" 

6  "-2  4" 

l"-6" 

6 "-2 4" 

l"-6" 

6 "-2 4" 

l"-6" 

6 "-2 4" 

1 

Mgs. 
.47 

Mgs. 
.24 

Mgs. 
.71 

Mgs. 

.33 

Mgs. 
1.01 

Mgs. 
.74 

Mgs. 
3.8 

Mgs. 
3.5 

4 

.23 

.12 

.37 

.16 

.5 

.37 

1.9 

1.7 

9 

.16 

.08 

.25 

.11 

.3 

.25 

1.2 

1.1 

16 

.12 

.06 

.18 

.08 

.25 

.19 

1.0 

0.9 

25 

.09 

.05 

.14 

.06 

.20 

.15 

.08 

0.7 

36 

.08 

.04 

.12 

.05 

.17 

.12 

0.6 

0.6 

49 

.07 

.035 

.10 

.048 

.14 

.10 

0.5 

0.5 

64 

.06 

.03 

.09 

.04 

.12 

.09 

0.48 

0.45 

81 

.05 

.03 

.08 

.03 

.10 

.08 

0.4 

.04 

It  will  be  remembered  that  throughout  the  discussion,  we  have  con- 
sidered the  probable  error  of  the  mean  of  any  given  series  of  samples 
directly,  so  that  we  have  but  an  even  chance  that  the  mean  for  any 
given  number  of  determinations  made  will  be  of  significance.  It  is 
usual  to  consider  about  three  times  the  probable  error  as  a  significant 
difference  between  two  given  means,  hence  if  we  are  to  establish  this 
standard  as  regards  the  number  of  samples  taken,  we  must  increase 
all  the  figures  given  by  three  times.*  It  is  obvious  that  such  a  number 
of  samples  in  the  case  of  dried  blood,  for  instance,  would  be  far  beyond 
practical  limits  as  regards  the  making  of  the  determinations.  The 
chances  are  that  the  use  of  a  fewer  number  of  samples  means  a  low 
degree  of  reliability  for  any  determinations  made.  If  soil  biologists 
are  to  continue  to  make  beaker  tests  with  fertilizers,  the  results  must 
be  interpreted  from  this  viewpoint. 


*  By  multiplying  the  probable  error  found  by  3.17  the  chances  are  thirty  to 
one  that  a  difference  greater  than  the  figure  so  found  is  significant. 
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While  we  are  not  justified  in  using  the  results  obtained  from  labora- 
tory treatments  as  direct  criteria  of  what  will  happen  in  the  field,  it 
is  probable  that  greater  variability  will  be  found  in  field  plots  which 
have  been  subject  to  treatment  with  fertilizers  than  in  the  normal  soil 
to  which  no  fertilizers  have  been  added,  especially  when  the  fertilizer 
is  of  such  a  complex  nature  as  dried  blood. 

It  must  further  be  emphasized  that  the  figures  as  given  above  apply 
only  to  the  soil  under  discussion ;  each  soil  with  the  treatment  applied 
must  be  considered  as  a  unit  in  a  statistical  study.  It  is-  evident  that 
a  standard  established  for  the  residual  nitrate,  for  instance,  will  not 
hold  for  the  nitrate  produced  from  a  one  per  cent  application  of  blood. 
The  exact  correlation  between  the  various  laboratory  treatments  and 
between  those  treatments  and  results  secured  in  the  field  is  reserved 
for  discussion  in  a  future  publication. 

Representative  and  Composite  Samples 

It  is  evident  from  the  results  already  presented  in  various  group- 
ings that  a  representative  sample  of  any  soil  is  a  purely  hypothetical 
quantity  whose  constituents  may  only  be  determined  indirectly.  It  is 
also  evident  that  determinations  reported  from  only  one  sample  of  a 
given  area  are  practically  worthless,  when  the  errors  to  which  it  is 
subject  are  of  the  magnitudes  shown  above.  Composite  samples  made 
up  from  a  small  number  of  single  samples  are  of  little  more  value. 
Not  until  enough  samples  have  been  taken  to  enable  the  proper  calcu- 
lation of  the  probable  error  of  the  mean  of  a  given  number  of  samples 
is  the  making  of  a  composite  sample  justified,  since  the  results  obtained 
from  working  with  such  a  sample  are  of  very  limited  value  unless  the 
error  to  which  the  composite  sample,  itself,  is  subject,  can  be  deter- 
mined. 

It  seems,  therefore  that  the  use  of  the  word  composite  as  relating 
to  soil  samples  is  only  justified  when  the  variations  to  which  the 
individual  samples  are  subject  are  known  and  enough  samples  taken 
to  establish  the  error  to  which  the  composite,  as  a  mean  of  all  the 
samples,  is  liable.  The  magnitude  of  the  error  which  is  liable  to  creep 
into  the  determinations  due  to  imperfect  mixing  in  a  composite  sample 
is  no  doubt  worthy  of  consideration,  but  since  its  value  is  undetermined, 
it  has  been  assumed  that  a  composite  actually  represents  the  mean  of 
all  the  samples  taken.  Just  how  reasonable  such  an  assumption  may  be 
remains  for  future  investigations  to  bring  out. 
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General  Discussion 

It  has  already  been  stated  that  the  area  under  discussion  was  of 
very  limited  extent  and  as  free  from  apparent  variations  as  any  area 
is  likely  to  be.  Also,  that  the  treatment  and  climatic  influences  had 
all  tended  toward  a  state  of  biologic  equilibrium  as  regards  nitrate 
production  in  this  particular  soil.  With  this  viewpoint  in  mind,  the 
importance  of  applying  a  statistical  interpretation  to  results  obtained 
from  working  with  a  given  soil  type  obtained  under  conditions  much 
less  favorable,  becomes  doubly  important.  It  is  not  at  all  improbable 
that  variations  several  times  greater  than  those  reported  will  be  found 
in  many  instances  and  the  number  of  samples  deemed  sufficient  in  this 
case  must  be  increased  to  obtain  any  considerable  degree  of  accuracy. 
It  is  possible  that  areas  more  uniform  than  the  one  used  will  be  found, 
but  it  is  hardly  probable  that  such  will  be  the  case. 

While  the  present  paper  deals  only  with  the  production  of  nitrates, 
not  only  the  variability  of  the  products  of  microorganic  activities,  but 
the  chemical  constituents  of  any  soil  should  be  studied  in  a  similar 
manner  to  determine  just  how  reliable  past  results  in  soil  investigations 
may  be.  It  is  beyond  question  that  before  we  can  have  faith  in  future 
results,  we  must  apply  the  principles  outlined.  A  study  of  the  prob- 
lems of  nitrogen  fixation  in  the  soil,  which  is  to  be  as  complete  and 
as  carefully  controlled  as  possible,  is  now  under  way  at  this  station. 
Statistical  methods  are  to  be  applied  to  the  variations  in  the  total 
nitrogen,  total  carbon,  and  nitrates,  at  least,  in  two  representative 
soils  under  observation  before  a  treatment  of  any  kind  is  applied.  In 
other  words,  the  experimental  areas  to  be  used  are  being  standardized 
as  carefully  as  possible,  making  due  allowance  for  field  variations  in 
the  constituents  noted  above.  Further,  the  field  errors  due  to  varia- 
tions between  the  samples  must  not  be  greater  than  the  experimental 
error  due  to  the  laboratory  manipulations,  since  the  increases  (or 
decreases)  to  be  measured  are  themselves  of  small  magnitude.  To  be 
sure,  this  method  of  procedure  takes  much  extra  time  and  energy,  but 
it  must  be  employed  before  the  results  of  any  treatments  which  are 
made  may  be  correctly  interpreted  or  recommendations  based  upon 
the  experimental  results  safely  made.  It  is  hoped  that  some  of  the 
results  of  these  preliminary  studies  may  be  ready  for  publication  in 
the  not  far  distant  future. 
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As  regards  the  effect  of  seasonal  variation  upon  the  accuracy  of 
results  which  may  be  obtained  at  one  season  of  the  year  upon  those 
secured  at  another  period,  no  data  are  as  yet  available  which  are 
extensive  enough  to  warrant  any  conclusion.  It  is  evident  that  if  a 
"representative"  sample  must  be  found  from  time  to  time  whenever 
new  work  is  undertaken,  the  procedure  would  become  very  laborious. 
The  prediction  is  made  that  the  probable  error  of  the  mean  as  found 
in  any  one  sampling  will  be  very  nearly  the  same  for  other  samplings 
taken  at  other  seasons  of  the  year,  so  that  it  will  only  be  necessary  to 
make  a  composite  sample  of  a  previously  determined  number  of 
individual  samples  and  apply  the  probable  error,  as  previously  found, 
to  the  results  obtained. 

The  segregation  of  the  causes  of  biologic  variation  in  the  deter- 
minations as  made,  is  of  importance.  Some  evidence  has  already  been 
presented  showing  the  increased  variability  due  to  laboratory  treat- 
ment. Variations  in  moisture  present  under  incubator  conditions,  the 
change  in  the  medium  due  to  the  addition  of  various  fertilizers,  and 
the  mixing  of  the  fertilizer  with  the  soil  are  all  causal  factors  in  the 
variations  between  samples  as  regards  the  amount  of  ammonia,  nitrate, 
or  similar  compounds  finally  measured.  We  are  attempting,  in  this 
laboratory,  to  determine  the  extent,  and  to  limit  as  much  as  possible, 
the  variations  due  to  manipulation.  In  the  field  the  only  possible 
cause  contributing  to  increased  variability  is  the  method  of  sampling, 
and  from  unpublished  results  to  be  reported  later  the  differences  be- 
tween different  methods  of  sampling  are  of  but  little  moment  in  a 
study  of  field  variability.  Variations  between  field  samples  may  only 
be  allowed  for  as  already  outlined  and  are  no  longer  serious  sources  of 
error  when  once  recognized. 

There  can  be  no  doubt  that  much  of  the  work  done  in  the  past,  as 
regards  nitrification  at  least,  is  open  to  very  serious  question  in  the 
light  of  the  results  herein  reported.  Just  how  much  of  it  can  be 
retained  can  only  be  determined  by  a  careful  checking  of  the  actual 
determinations  made,  taking  into  account  the  error  due  to  sampling 
and  to  the  laboratory  manipulations.  If  the  data  reported  in  table  4, 
for  instance,  be  arranged  in  any  proper  order,  it  will  be  found  that 
nearly  any  desired  series  of  results  may  be  secured,  agreeing  closely 
in  their  relative  range  with  any  series  of  results  obtained  from  plots 
or  tumbler  treatments  which  have  been  reported  by  various  investi- 
gators. Individual  investigations  are  not  referred  to  here  in  detail, 
since  their  large  number  precludes  their  discussion  in  the  limited  space 
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of  this  paper.  It  is  beyond  question  that  the  soil  is  an  extremely 
variable  quantity  and  that  its  variability  must  be  measured  and  taken 
into  account  before  any  determinations  made  upon  it  become  of  value. 


Summary 

A  study  of  variability  as  regards  nitrate  production  of  eighty-one 
samples  of  soil  taken  from  a  limited  area  of  an  apparently  uniform 
soil,  is  reported.  Both  surface  and  subsoil  samples  were  taken.  The 
nitrate  present  at  the  time  of  sampling,  the  nitrate  produced  from  the 
soil  nitrogen,  from  ammonium  sulphate,  and  from  dried  blood  were 
determined.  Statistical  methods  were  applied  for  the  interpretations 
of  the  results.  The  following  conclusions  seem  justified  from  the  data 
presented : 

1.  The  variability  of  the  field  samples  of  soil,  even  from  an  appar- 
ently uniform  area  of  limited  extent,  is  high  and  is  a  factor  of  extreme 
importance  in  an  estimation  of  the  reliability  of  any  series  of  results. 

2.  The  variability  of  the  samples  treated  as  in  the  tumbler  method 
for  nitrification  studies  is  increased  over  that  found  for  the  nitrate 
produced  in  the  field. 

3.  Subsoil  samples  vary  more  in  the  field,  and  when  treated  with  fer- 
tilizers in  the  laboratory,  than  surface  samples  taken  from  the  same 
area.    No  explanation  of  this  fact  can  be  offered  at  the  present  time. 

4.  A  single  sample  of  any  soil  is  of  little  value  as  regards  deter- 
minations which  may  be  made  upon  it. 

5.  A  limited  number  of  samples  as  ten  or  sixteen,  are  subject  to 
wide  variations  and  can  only  be  used  when  the  results  are  to  be  inter- 
preted as  having  a  low  degree  of  accuracy. 

6.  A  composite  sample  may  be  considered  as  of  value  only  after  the 
probable  error  to  which  it  is  subject  is  known  and  this  can  only  be 
determined  by  the  use  of  a  large  number  of  individual  samples. 

7.  The  distance  apart  samples  are  taken  is  of  little  importance  as 
long  as  the  samples  are  uniformly  distributed  over  an  area  which  is 
apparently  uniform. 

8.  In  the  light  of  these  results,  the  conclusion  seems  inevitable  that 
much  of  the  past  work  done,  as  regards  nitrification  at  least,  must  be 
critically  examined  to  determine  the  degree  of  reliability,  if  any,  it 
may  have. 
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Attention  is  called  to  the  fact  that  variations  in  other  products  of 
mieroorganic  activity  and  in  the  chemical  constituents  of  different 
samples  of  the  same  soil  may  be  as  large  or  even  larger  than  those  found 
in  the  present  study;  and  that  a  much  more  comprehensive  study  of 
variability  than  the  one  herein  reported  is  now  being  carried  out. 

The  writer  wishes  to  express  his  indebtedness  to  Dr.  C.  B.  Lipman 
for  suggestions  offered  during  the  progress  of  the  work,  and  to  Dr.  L. 
D.  Batchelor  for  helpful  suggestions  in  the  preparation  of  the  manu- 
script. Also  to  Mr.  Douglas  Wright,  Jr.,  for  aid  in  taking  the  samples 
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